The soluble replication system is which the exogenously added simian virus 40 (SV40) DNA can be replicated semiconservatively in vitro, has been developed (Ariga and Sugano, J.Virol. 48, 481, 1983). This paper further characterized the in vitro products synthesized on the cloned DNA containing the origin of SV40 DNA replication. The time course and pluse-chase experiments showed that the in vitro products were converted from the open circle to closed circules having the various superhelical densities, and finally to the twisted formI DNA seen in vivo by the analysis of agarose gel electrophoresis, alkaline sucrose gradient centrifugation, and density-transfer in isopycnic centrifugation. The replicative intermediates isolated after the short term incubation had replicated strands of the size smaller than the full length, most of which correspond to that of the putative Okazaki fragment. These and the previous results indicate that this in vitro system should be useful to investigate the molecular mechanilsm of SV40 DNA replication.
INTRODUCTION
The genome of simian virus 40 (SV40) represents a simple model for a single mammalian replicon and is a circular duplex molecule of about 5.2 kilobases. The complete nucleotide sequence of SV40 DNA is known (1, 2) , and the structure and the genetic organization have been studied extensively (3, -6) .
SV40 DNA replication begins at a unique site and proceeds bidirectionally (7, 8) . The genetic analysis of the viral replication fuctions and the studies with purified T antigen which is the early gene product of SV40 enabled us to examine the genetic requirement and the minimum requirement of the origin sequence of the DNA replication; the origin of SV40 DNA replication has been mapped to a 60-65 base-pair region centered at the unique BglI site (7, 9) , and binding of T antigen to the origin regulates the initiation of each of round of DNA replication (10, -13) . Also, the mode of replication has been studied by electron microscopic analysis of replicative intermediates (8) and by the analysis of distribution of radioactivity in pulse-labeled viral DNA (7) .
Recently, we have developed an in vitro SV40 DNA replication system in which the initiation and bidirectional replication occur on the exogenously added SV40 DNA or cloned DNA containing SV40 origin of DNA replication. This system is consisted of a mixture of a soluble extract of HeLa cell nuclei and the cytoplasm from SV40-infected CosI cells (14, 15) . The replication manner taken place in this system is quite similar to that of in vivo; the absolute dependence of SV40 T antigen and T antigen binding site II present in SV40 DNA and the involvement of DNA polymerase a (14) .
In the present paper, the replicative intermediates synthesized after a short term incubation were analyzed, showing that the several situations taken place in vitro were mimic to those in vivo.
MATERIALS AND METHODS

Cells and virus
The SV40-transformed monkey cell CosI (15) was obtained from Y. Gluzman. SV40 was propagated in the monkey cell line GC7, and SV40 DNA was extracted from purified virions by CsCl-ethidium bromide equilibrium centrifugation as described previously (14) . Preparation of nuclear extract and cytoplasm All of the following procedures have been described previously in detail (14) . HeLa nuclei in hypotonic buffer were prepared by Dounce homogenization of cells which were grown in suspension culture. The nuclei, which were rapidly frozen in liquid nitrogen, were thawed and extracted with 100 mM NaCl at 0°C for 5 (Fig. 3) . After the incubation of the mixture for 5 min (pulse), two hundred fold of cold dCTP was added to the mixture, followed by the further incubation for 60 min (chase). The in vitro products were analyzed by neutral agarose gel electrophoresis (Fig. 3A) , alkaline sucrose gradient centrifugation (Fig. 3B) , and neutral isopycnic centrifugation (Fig. 3C ). An analysis by a neutral agarose gel showed that a half of pulse labeled circular DNAs was converted to the formI after the 60 min chase (Fig. 3A) . These phenomenon were much clearly shown by a sedimentation analysis in an alkaline sucrose gradient, where the DNAs smaller than the full length pSVO DNA, which had the size of the putative Okazaki fragment, were converted to the forms of full sized DNAs corresponding to the closed circular and open circular (Fig. 3B) The DN syth4 i wa1are.u n . go SOa Fig. 3A and B. The density of the DNA sample containing 25mM Tris (pH7.4), lmM EDTA, and 0.1M NaCl was adjusted to 1.8 g/cm3 by the addition of CsCl and centrifuged in a SW50.1 rotor at 43,000 rpm for 48 hr at 25°C. After fractionation, the acid-isoluble radioactivity was counted, and the density was measured. The arrows indicate the expected positions for fully substituted (HH), hybrid (HL), and unsubstituted (LL) DNAs. The DNA synthesis was carried out on 0.4 pg of pSVO as a template. After the reaction for 5 mn (A) and 60 min (B), DNA was extracted with phenol and precipitated with ethanol. The DNA samples were loaded onto 5 to 20% neutral sucrose gradient containing 0.1M NaCl, 0.1M EDTA, and 1omM Tris (pH 7.4) and centrifuged in an SW50.1 rotor at 45,000 rpm for 3 hr at 40C. The acid-isoluble radioactivity of 70 p1 of the aliquot was counted after fractionation. In case of the 5 mmn reaction, the fractions from 13 to 16 and those from 17 to 19 were pooled in pool 1 and 2, respectively, and DNA in the pooled fractions was precipitated with ethanol. The pooled DNA samples were further analyzed by the alkaline sucrose gradient centrifugation as in Fig. 3B . of these replicative intermediates in alkaline sucrose gradients allows separation of the newly synthesized strands, which are shorter than or equal to the length of a complete viral DNA strands (19) . To characterize the replicative intermediates synthesized in vitro, the intermediates were sedimented through the neutral sucrose gradients (Fig. 4) . The distribution pattern of the DNA product synthesized in a 5 mmn reaction was a little broader than in a 60 mmn reaction ( Fig. 4A and B) . In After the reaction on pSVO, DNA was extracted with phenol and precipitated with ethanol. The samples were loaded onto 5 to 20% neutral sucrose gradients as in Fig. 4 . The acidinsoluble radioactivity of 25 pl of aliquot was counted after fractionation. The DNA in the rest of sample was precipitated with ethanol and visualized by autoradiography after agarose gel electrophoresis.
(A). the patterns of sucrose gradients in a reaction for 5 min. (B) . the patterns of agarose gel in a reaction for 5 min. (C) . sucrose gradients in a reaction for 60 min. (D) . agarose gel in a reaction for 60 min. The horizontal bars in Fig. B and D represent the positions of form II, III, and I DNA from the top. sedimentation through the alkaline sucrose gradients (Fig. 4C and  D Fractionation analysis of the in vitro products followed by gel electrophoresis. In order to confirm the relationship between size and structure of the replicative intermediates, the fractionation studies were performed. After the reaction for 5 or 60 min, the in vitro product DNAs were extracted from the mixture and seperated by the neutral sucrose gradients (Fig. 5A and C) . The similar results as those in Fig. 4A and C were obtained. DNA in each fraction was precipitated with ethanol and analyzed by neutral agarose gel electrophoresis (Fig. 5B and D) . The preparations used in Fig. 5 gave rise to lesser amounts of form I DNA obserbed in vivo as compaired to those used in Fig. 1 to Fig.  4 . These phenomenon sometimes occured preparations by preparations. However, it is very clear that the peak fraction of incorporated radioactivity at 5 min reaction gave just form II DNA, while the peak fraction at 60 min reaction gave the various form I DNAs in addition to form II and III DNA (Fig. 5B and D) . Furthermore, at 60 min reaction, the faster sedimenting fraction ahead of the main peak of the incorporated radioactivity gave rise to mainly form III DNA in addition to several concatemers (Fig. 5D) , suggesting that form III DNAconcatemers may be precursors of the final daughter molecules. These situations of replicating DNAs are quite similar to those obserbed in vivo.
DISCUSSION
The present paper clearly identified the replicative intermediates synthesized in vitro on the exogenouse template DNA containing SV40 origin of DNA replication. The structual features of these intermediate DNAs were quite similar to the in vivo intermediates in terms of the sedimentation profiles at both neutral and alkaline pH. The pulse-labeled DNAs can be chased into form I or form II DNAs. Therefore these are true precursors to the mature DNA. Several characteristics of this in vitro system described in this and previous communications (14) support its biological relevances including the absolute dependence on SV40 T antigen and T antigen binding site II, the initiation of DNA replication from the origin, the appearance of the typical replicative intermediates, and the involvement of the DNA polymerase a in the reaction. Therefore this in vitro system should be useful for the purification and subsequent characterization of viral and cellular proteins involved in SV40 DNA replication.
